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Summary
This is the first report of microsatellite markers for
Cyperus rotundus. A total of 191 sequence-specific
microsatellite markers were isolated and used to screen
12 accessions of C. rotundus and one accession of
Cyperus esculentus collected from 10 different countries.
Polymorphisms were observed in 49% of the markers
tested, 22% of the markers were monomorphic and
29% had weak or no amplification. The best 57 markers
are reported, and cluster analysis was used to analyse
their resolving power. BLASTx screening of the contig
sequences was also performed. Multiallelic loci over all
samples ranged from 24% to 60%. The maximum
number of alleles detected by the markers suggests a
polyploidy nature of all C. rotundus accessions tested,
except for the sample N25-Brazil. Chromosome number
was determined for N12-Taiwan and used as an internal
flow cytometry standard to estimate the amount of
DNA within haploid nuclei of the remaining material.
Chromosome numbers estimated for C. rotundus were
16 and 24. The markers identified in this study can be
used for the identification of biotypes and detection of
potential crosses of C. rotundus, to implement manage-
ment practices for the effective control of this weed.
Keywords: purple nutsedge, STR, simple sequence
repeats, simple sequence repeat, molecular markers,
Cyperus esculentus, yellow nutsedge, minisatellite,
nutgrass.
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Introduction
Adapted to warm environments, Cyperus rotundus L.
(purple nutsedge) is a weed found throughout the world
(Wills, 1998). In the USA, it is located mostly in the
southern states, where it affects crops such as cotton,
soyabean (Edenfield et al., 2005; Reddy & Bryson, 2009)
and vegetables in general (Wang et al., 2008). Large
morphological variations have been reported within
the species of C. rotundus among accessions found in the
USA and among other accessions from around the
world (Wills, 1998). However, studies using randomly
amplified polymorphic DNA (RAPD) analysis within
the species have shown genetic variation in samples from
around the world, but not necessarily in accessions from
the continental USA (Okoli et al., 1997; Tayyar et al.,
2003; Molin et al., 2009). A low level of genetic diversity
was also observed in Cyperus esculentus L. analysed
by amplified fragment length polymorphism, and the
authors suggested that microsatellites could provide a
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more effective method to determine genetic variation
(Dodet et al., 2008). Defining the genome in C. rotundus
is challenging because its chromosomes, as is common in
Cyperaceae, are holocentric and exhibit agmatoploidy.
This is particularly displayed in C. rotundus for which
counts of 2n = 42, 48, 50, 52, 54–56, 66, 69, 80 and 108
have been reported by the same groups (Heiser &
Whitaker, 1948; Bir et al., 1992; Heenan & de Lange,
2005). Even so, the knowledge of genetic diversity of
weeds is important for the development of chemical and
biological control practices (Goolsby et al., 2006; Bodo
Slotta, 2008).
Knowing the genetic diversity of weeds can help
explain the differential resistance of biotypes to herbicides
(Anderson et al., 2004), as well as the susceptibility of
biotypes to biocontrol agents, such as fungal pathogens
(Okoli et al., 1997) or phytophagous mites (Goolsby
et al., 2006). The most efficient tools to make inferences
about population structure and genetic relatedness in
weed species are molecular markers (Anderson, 2008;
Bodo Slotta, 2008). Molecular markers can help deter-
mine the origin of invasive weed species, monitor their
transport to newareas (Baker et al., 2007;Lu et al., 2007),
and they can facilitate reliable classification of weeds for
the planning of cost-effective and sustainable control
practices (Tabacchi et al., 2006). In general, understand-
ing the inherent genetic traits, which govern weed
plasticity and make them so competitive, can facilitate
manipulating the effective range and productivity of
important cultivated crop plants (Anderson, 2008).
Among molecular markers, microsatellites or simple
sequence repeats (SSR) have become one of the most
powerful genetic tools in biology. Microsatellites are
short tandem DNA repeats, with 1- to 8-bp motifs [i.e.,
the microsatellite (AGT)5 is composed of a 3-bp motif
and has a 15-bp length]. Microsatellites are widely
spread throughout eukaryotic genomes (Richard et al.,
2008) and their use as molecular markers is highly
desirable because of their abundance, high polymor-
phism and co-dominant inheritance (Weber, 1990;
Varshney et al., 2005). Given the advantages of sensi-
tivity, transferability, reproducibility and low cost of
microsatellites over other molecular markers (Varshney
et al., 2005; Sharma et al., 2008), we isolated and
characterised microsatellite-enriched libraries for C. ro-
tundus and tested their efficacy on a subset of accessions
that had previously been evaluated with RAPDs (Molin
et al., 2009). We did additional cytogenetic characteri-
sation on these accessions to explain the allele distribu-
tion found by the markers. The objective of this work
was to develop robust molecular tools that will allow the
study of C. rotundus at multiple loci and analysis of the
genetic diversity of this weed in accessions from different
geographical areas.
Materials and methods
Construction of C. rotundus SSR-enriched libraries
and primer design
Fresh leaves of C. rotundus, accession number N37-
Mississippi-2, from the nutsedge collection maintained
at the ARS facility in Stoneville, MS (Dr William Molin,
curator), were processed with DNeasy Plant Maxi kit
(Qiagen, Valencia, CA, USA) for DNA extraction.
Twenty micrograms of DNA was used to generate SSR-
enriched libraries following the protocol of Techen et al.
(2010) and briefly described here. DNA from C. rotun-
dus was digested with restriction enzymes AluI, HaeIII,
DraI and RsaI (New England Biolabs, Ipswich, MA,
USA) individually and in pairs of these enzymes
(AluI + RsaI, DraI + HaeIII). The restriction-digested
DNA was pooled and then separated by agarose gel
electrophoresis; fragments between 300 and 2000 bp
were purified as indicated by Techen et al. (2010).
The blunt-end DNA fragments were A-tailed with
Taq DNA Polymerase (Promega, Madison, WI, USA)
in the presence of dATP for 2 h, then ligated for 3 h at
16C to the adapter SSRLIB3 (Techen et al., 2010),
made from oligos SSRLIBF3: 5¢- CGGGAGAGCAAG-
GAAGGAGT-3¢ and SSRLIBR3 5¢Phos-TCCTTCCT-
TGCTCTCTCCCGAAAA-3¢. The ligated fragments
were purified with MinElute (Qiagen) and amplified by
20 cycles of PCR using primer SSRLIBF3 and high-
fidelity DNA Polymerase (Invitrogen, Carlsbad, CA,
USA) at 94C for 2 min and cycles of 94C for 30 s,
60C for 30 s and 68C for 90 s. The amplified products
were hybridised to four groups of biotinylated oligo
(Invitrogen) repeats as indicated by Glenn and Schable
(2005): group 1 [(AC)13, (AACC)5, (AACG)5,
(AAGC)5, (AAGG)5, (ATCC)5], group 2 [(AG)12,
(AAC)6, (AAG)8, (ACT)12, (ATC)8], group 3
[(AAAC)6, (AAAG)6, (AATC)6, (AATG)6, (ACAG)6,
(ACCT)6, (ACTC)6, (ACTG)6] and group 4 [(AAAT)8,
(AACT)8, (AAGT)8, (ACAT)8, (AGAT)8]. The final
concentration of each oligo in the mix was 1 lM, and
2 lL of each oligo mix was used in 50-lL hybridisation
reactions.
Hybridisations were performed in a gradient thermo-
cycler at 95C for 10 min, followed by 3 h at the
annealing temperature using a gradient block (Group 1:
56C, Groups 2 and 4: 50C and Group 3: 53C) and an
extension step of 10 min at 68C in the presence of high-
fidelity Taq Polymerase (Invitrogen) as indicated in
Hayden et al. (2002). Sequences containing repeats
were captured using streptavidin-coated magnetic beads
M-270 (Invitrogen) in a Labquake tube shaker ⁄ rotator
(Barnstead ⁄Thermoline, Dubuque, IA, USA) at 22C
for 1 h (Kijas et al., 1994). After binding, the beads were
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washed with 2xSSC (sodium citrate buffer), 1xSSC at
ambient temperature and 0.5xSSC at 50C for 5 min
each. Elution of the DNA from the biotinylated oligos
was carried out with 100 lL MilliQ water at 96C for
10 min twice. Please see Techen et al. (2010) for a
detailed protocol. The eluate was PCR amplified for
20 cycles as indicated for the ligation step; the PCR
products were cloned in vector TOPO4 (Invitrogen)
transformed into E. coli, plated on x-gal and white
colonies selected for sequencing. Sequencing was per-
formed using Big dye terminator and analysed in an
ABI 3730XL DNA Analyzer (Applied Biosystems,
Foster City, CA, USA).
Sequences were assembled in contigs using DNAStar
Lasergene7 (DNASTAR, Madison, WI, USA) and
visually checked. Singletons were not used for primer
designing. Contigs are a length of contiguous sequences
assembled from partial overlapping sequences generated
from the PCR products. Repeats were searched using
SSRFinder (Sharopova et al., 2002) and Sputnik
(C. Abajian, http://espressosoftware.com/sputnik/index.
html, accessed April 2010) using default conditions.
Primers were designed using Primer3 (Rozen & Skalet-
sky, 2000) with stringent parameter conditions: Tm 63C
optimum (60 ⁄ 65) min ⁄max, length 24 optimum (20 ⁄ 28)
min ⁄max and 3¢ GC clamp.
Fingerprinting and cluster analysis
Using stringent conditions in Primer3 software, we
designed 191 primers on the flanking regions of the
repeats and tested 13 accessions of Cyperus (12 C. ro-
tundus and one C. esculentus). The 12 accessions of
C. rotundus were N02-Mississippi-1; N03-California;
N12-Taiwan; N13-Sudan; N20-Indonesia; N21-Greece;
N22-El Salvador; N25-Brazil; N26-Australia; N36-
Arkansas; N37-Mississippi-2; and N41-Thailand. These
accessions are clonally propagated. Leaves of several
whorls per accession were freeze-dried and pulverised
for DNA extractions and screening of microsatellites.
These accessions are maintained by Dr. William Molin
at SWSRU-USDA, Stoneville. Forward SSR primers
were 5¢ tailed with the sequence 5¢-CAGTTTTCC-
CAGTCACGAC-3¢ to permit product labelling (Wald-
bieser et al., 2003), and reverse primers were tailed at
the 5¢end with the sequence 5¢-GTTT-3¢ to promote
non-template adenylation (Brownstein et al., 1996).
Primer 5¢-CAGTTTTCCCAGTCACGAC-3¢ labelled
with 6-carboxy-fluorescein (IDT-Technologies, Coral-
ville, IA, USA) (FAM) was used for the amplification of
10-ng DNA using Titanium Taq DNA Polymerase
(Clontech, Mountain View, CA, USA) according to
manufacturer instructions in 5-lL reactions on an MJ
Research Thermocycler (BioRad, Hercules, CA, USA)
at 95C for 1 min, 60C for 1 min (2 cycles), 95C for
30 s, 60C for 30 s, 68C for 30 s (27 cycles) and a final
extension at 68C for 4 min. Fluorescently labelled PCR
fragments were analysed on an ABI 3730XL DNA
Analyzer using ROX for allele size standard and data
processed using GeneMapper v. 3.7 (both from Applied
Biosystems). Presence of alleles was converted to a
binary matrix. Cyperus accessions were clustered based
on SSR markers using genetic distances according to
Nei (1972) and the unweighted paired group method
and arithmetic averages algorithm implemented in the
SAHN program of NTSYSpc v. 2.2 (Exeter Software,
Setauket, NY, USA). The confidence levels for the
dendrograms were assessed by bootstrap resampling
(5000 replicates) (Felsenstein, 1985; Efron et al., 1996)
using Winboot (downloaded from http://www.irri.org/
science/software/winboot.asp accessed August 2010).
BLASTx of the DNA sequences
Contig sequences containing microsatellites were
screened against the National Center for Biotechnology
Information (NCBI) protein databases (BLASTx)
(Altschul et al., 1990).
Multiallelic loci and UPIC scores
The percentage of multiallelic loci was calculated for
each accession across all SSR markers tested. We also
calculated Unique Pattern Informative Combinations
(UPIC) to determine the discriminatory power of the
SSR markers and the minimum set of markers that
could discriminate each and every one of the samples.
Both percentage of multiallelic loci and UPIC scores
were calculated using UPIC Perl scripts (Arias et al.,
2009).
Cytogenetic analysis
Somatic cell chromosome numbers from N12-Taiwan
were determined from root tips of clonally propagated
plants grown in a glasshouse in Logan, Utah. Prior to
harvesting root tips, the plants were subject to mild
water stress to promote root growth and allowed to
grow for 2–6 h. Twenty root tip preparations were
made, and hundreds of cells were scanned to find few
with discernable chromosomes. The harvested root tips
were treated in an aqueous solution containing 0.05%
colchicine plus 0.025% 8-hydroxyquinoline and 2%
dimethylsulphoxide (DMSO) for 3 h. They were then
fixed and stained in a 2% aceto-orcein at 5C for
3 days. The meristematic portion of the root was then
squashed in 45% acetic acid for examination with a
microscope.
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A Partec PA II flow cytometer (Partec, Mu¨nster,
Germany) with DAPI technology was used to deter-
mine the ploidy level of the samples using Partecs
CyStain UV Precise P kit and protocol. The Partec was
equipped with a mercury lamp with UV light 360-nm
excitation and 420-nm admittance filter. The average
number of cells counted was 544 per accession, with a
range from 392 to 953 cells per accession. In the initial
testing phase to calibrate ⁄ set the gain on the ploidy
analyser, we chose sample N25-Brazil, which had the
lowest heterozygosity and the lowest number of alleles
per locus in the microsatellite fingerprinting. To match
the material being tested, N25-Brazil was found to
reliably and consistently produce peaks at 2 ⁄ 3 the level
of N12-Taiwan, and N12-Taiwan consistently pro-
duced peaks at 1.5, the level of N25-Brazil. Sample
N20-Indonesia was not included in cytogenetic analy-
sis. Leaf blade tissue from plants growing in the
glasshouse was utilised for the flow cytometry with
1000–1200 nuclei reads from each plant sample for the
final comparison. N12-Taiwan was used as an internal
control for all other material tested. If one peak was
detected, then the chromosome number of that acces-
sion was taken to be equal to N12-Taiwan. Conversely,
if two peaks appeared, one for N12-Taiwan and
another at two-thirds the gain of N12-Taiwan, its
chromosome number was recorded as equal to two-
thirds of N12-Taiwan.
Results
We constructed SSR-enriched libraries from C. rotun-
dus, sequenced 2592 clones of those libraries and
assembled the sequences into 780 contigs. The number
of repeats detected in the contigs by SSRFinder and
Sputnik were 1073 and 772 respectively, and from those
repeats, 191 sets of primers were designed using strin-
gent conditions. All primers had annealing temperature
63 ± 1C, runs £5 bp, 3¢ GC clamp and length
22 ± 2 bp. A total of 527 contigs containing repeats
were submitted to GenBank with accession numbers
GQ872539 to GQ873066. To simplify the recording of
repeat motifs, those repeats that were circular permuta-
tions and reverse complements of each other were
grouped together as one type, i.e. AAC, ACA, CAA,
GTT, TGT and TTG were recorded as AAC. The most
abundant repeat motifs found in C. rotundus microsat-
ellites were AG, AC and AAC (Table 1). In addition,
repeat motifs of 9 bp or longer, normally considered
minisatellites, were also detected in C. rotundus; both
micro- and minisatellites with their corresponding
frequencies are listed in Table 1.
Of the 191 markers tested, 49% were polymorphic,
22% were monomorphic and 29% of the markers had
weak or no amplification. We report the 57 best SSR
markers, based on the quality of the electropherograms,
for nutsedge with the amplicon sizes observed across
Table 1 Microsatellite and minisatellite motifs isolated from Cyperus spp. SSR-enriched genomic libraries. The number of base pairs (bp) in
the motifs is indicated at the top of the columns; frequency of each motif is in parenthesis
Microsatellites – Motif length
2 3 4 5 6 & 7 8 bp
AG (445) AAC (42) ACAG (29) AACCT (9) AACATC (2) ACATACAC (2)
AC (258) AAG (35) AACT (15) AGAGG (2) AGTGAG (1) ATACACCC (1)
AT (18) ACT (32) AAAG (10) AAAAG (1) ACTACA (1) ACTGGGAG (1)
CG (3) ATG (22) ATCT (9) AAAAT (1) ACCAGT (1) GTCAGTCA (1)
ACC (15) ATAC (7) AAGGG (1) AGGGAC (1) ACGGACAG (1)
ATC (15) ATGT (6) AATGG (1) ACTGCTG (1) TCACTAAC (1)
AGC (8) AGGG (5) AGGAG (1) ACTCTC (1)
ACG (7) AATG (4) AGGGG (1)
AGG (7) ACTG (4) ATGGG (1)
Minisatellites – Motif length
9, 10, 11 12, 14, 20, 62 bp
CATCAACAC (1) CCATACATCCAC (1)
CATCATCAA (1) TCTTCGTTTTCT (1)
AACCACACCT (1) AGGGACAAGCCGGG (1)
ACCTAACCAC (1) GGAAAGTGATCAGATGGCTT (1)
ATTGTCAGTT (1)
CACATACACA (1) CTACAACCAACTTTTAAACCATTTCAACACACTACAACCTCATTTCAACACACAACACCACA (1)
TAACCACACC (1)
AACCATCAAAC (1)
SSR, simple sequence repeats.
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accessions (Table 2). Numbers in the column of marker
names correspond to the contig numbers submitted to
GenBank. The top 40 markers reported in Table 2
amplified all 13 nutsedge accessions from around the
world, whereas the other 17 markers listed amplified
all accessions tested from continental USA. Another 79
markers (not listed), 75 of which were polymorphic,
amplified almost exclusively accession N37-Missis-
sippi_2, from which the SSR library was generated,
and accession N36-Arkansas plus a few other accessions,
including N41-Thailand and N26-Australia. To deter-
mine the resolving power of the markers for geograph-
ically distant accessions, the top 40 SSR markers that
amplified all 13 Cyperus accessions were used in cluster
analysis (Table 2, Fig. 1). Establishing an arbitrary
threshold of 0.55 of genetic distance, we identified four
clades (I, II, III and IV; Fig. 1). Clade I grouped all
C. rotundus accessions from USA along with accessions
from Australia, El Salvador, Thailand and Taiwan. In
this clade (I), all accessions had few unique alleles
(meaning alleles were not present for any other acces-
sion). Clades II, III and IV, on the contrary, had
between 5 and 12 unique alleles per accession. The
percentage of multiallelic loci for the 13 accessions
ranged from 24% to 60%, with the lowest in N25-Brazil
and the highest in N37-Mississippi-2 (Fig. 1). The
maximum number of alleles per locus was 2 for
N25-Brazil and between 3 and 6 for the rest of the
accessions. In general, the number of alleles detected by
each of these 40 markers across all the accessions was
between 2 and 11.
BLASTx results of the contig sequences correspond-
ing to the SSR markers had significant hits for 6 of the
sequences (expected values 1.00E-51 to 1.0E-06); mark-
ers isolated from those sequences are indicated in bold
face (Table 2). Markers StvCyR_197a and StvCyR_64a
had significant hits in BLASTx corresponding to a
phosphofructokinase (PFK) and a putative ATPase
respectively. These two markers showed identical alleles
across most of the samples in clade I and were
polymorphic for the rest of the samples (Fig. 1). Among
the markers that amplified samples from continental
USA, StvCyR_260, StvCyR_391a and StvCyR_452a
had significant hits on BLASTx, corresponding to a
retrotransposon protein, DNAJ heat shock protein and
a WD-repeat protein respectively.
Markers with UPIC scores different from zero are
listed in Table 2. The number of samples uniquely
discriminated by each marker is the UPIC score. Using
UPIC software, we identified a minimum of four
markers that were able to discriminate all 13 Cyperus
accessions, StvCyR_45a, StvCyR_483a, StvCyR_116c
and StvCyR_197a, and when combined could detect a
total of 27 unique patterns or alleles (Table 2).
Chromosome number based on root tip counts
showed that N12-Taiwan contained 2n = 24 chromo-
somes. Results from flow cytometry showed that 9 of
the 12 accessions (N20-Indonesia was not analysed)
were indistinguishable from N12-Taiwan, and two of the
12 produced peaks at two-thirds that of N12-Taiwan
indicating a chromosome number of 2n = 16. These
two accessions were N25-Brazil and C. esculentus. The
remaining 10 C. rotundus genotypes, peaks indistin-
guishable from N12-Taiwan, have chromosome num-
bers of 2n = 24 (Table 3).
Discussion
This is the first report of microsatellite markers isolated
from C. rotundus. No nucleotide sequences of C. rotun-
dus were available in GenBank at the time this work
started. Thus, data mining of existing DNA sequences
could not be used to search for microsatellites. It is
known that the frequency and distribution of microsat-
ellites vary depending on the organism (Katti et al.,
2001) and also that certain motif lengths can be easier
to score than others (Kumar et al., 2002). Therefore, we
generated SSR-enriched libraries using a variety of oligo
repeats to increase the possibility of finding useful
markers. Forty of these markers had transferability to
the sample of C. esculentus tested, and five of them
showed distinct alleles for this species. Additional
samples of C. esculentus will need to be screened to
determine whether these alleles are species specific.
Morphological variations have been documented for
C. rotundus and C. esculentus, in some cases describing
biotypes with overlapping characteristics, probably from
natural hybridisation between species (Tayyar et al.,
2003). The large number of microsatellite markers
provided here facilitates the testing of hypothetical
hybridisations in Cyperus spp. Studies of C. rotundus
using RAPDs have shown genetic variation among
accessions from around the world, but little or no
variation among accessions from the continental USA,
suggesting that this species probably forms regional
clones (Okoli et al., 1997; Tayyar et al., 2003; Molin
et al., 2009). In the present work, however, we report 47
microsatellite markers that detected genetic diversity
among C. rotundus within the continental USA when
using the same samples previously tested by RAPDs.
In addition, the fact that 42% of the markers only
amplified the accession from which they were isolated
and few other samples suggests that there is a large
genetic diversity in C. rotundus, even among accessions
collected a few hundred miles apart. We attribute the
lack of amplification on the rest of the accessions to
an unusual abundance of null alleles. The SSR markers
reported herein provide better tools for the assessment
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of genetic variability in this species, as microsatellites
have several advantages over RAPDs as markers,
including their reproducibility, transferability and co-
dominant inheritance (Varshney et al., 2005; Sharma
et al., 2008).
An interesting observation among the 12 accessions
of C. rotundus studied here was the range in the
percentage of multiallelic loci of the samples, ranging
from 24% (N25-Brazil) to 60% (N37-Mississippi_2).
To determine whether that variation was the result of
different ploidy of the samples, we performed cytoge-
netic studies of the accessions. The unique distinction of
C. rotundus samples from Brazil compared with the rest
of the world had been previously observed by Okoli
et al. (1997). The low percentage of multiallelic loci in
N25-Brazil can be explained in part by the lower
chromosome count (2n = 16) we observed in that
accession. The number of chromosomes we observed
in the C. rotundus samples (2n = 16, 24) is lower than
observations of Bir et al. (1992) for C. rotundus. There
are a few definitive reports of exact chromosome
number of C. esculentus with Bennet and Smith (1991)
reporting 128 and Heiser and Whitaker (1948) reporting
108, although the base number of chromosomes gener-
ally accepted for this genus is 8 (Bir et al., 1992). The
overall heterozygosity of genomes is in general corre-
lated with the levels observed for SSR markers (Aparicio
et al., 2007), and high heterozygosity is considered a
potential for adaptation to the environment (Hansson
& Westerberg, 2002). Thus, with the availability of the
microsatellite markers reported here, the hypothesis of
correlation between multiallelic loci and adaptation to
broad environmental conditions can now be tested in
C. rotundus. In the family Cyperaceae, karyotype evo-
lution has mainly resulted from agmatoploidy of holo-
centric chromosomes (Davies, 1956); thus, the ploidy
status of C. rotundus is not clear. This precludes the
classical use of tests for deviation of Hardy–Weinberg
and linkage disequilibrium normally required to describe
microsatellites.
The cluster analysis was performed to evaluate the
resolving power of the markers and not to make
phylogenetic inferences. However, several observations
seem to indicate that the accessions in clade I do, indeed,
have a greater genetic distance from the accessions in
clades II and III. These observations are the presence
of more abundant unique alleles in clades II and III
compared with clade I in Fig. 1, the large number of
null alleles on 79 markers, which showed amplification
Ma.L. Unique Aver.(Max)
(%) alleles alleles/locus
N02
N22
N26
1.9 (3)
1.8 (3)
2.1 (3)
-Mississippi-1
-El Salvador
-Australia
42 0
38 1
42 1
64
a
97
a
75
84
N36
N37
N41
2.3 (5)
2.3 (4)
2 1 (4)
-Arkansas
-Mississippi_2
Th il d
53 2
60 1
46 0
St
vC
yR
_
St
vC
yR
_162
67
N12
N03
.
2.1 (4)
2.4 (4)
- a an
-Taiwan
-California
45 1
49 0
92I
N20
N25
N13
1.6 (3)
1.4 (2)
2.0 (5)
-Indonesia
-Brazil
-Sudan
30 9
24 7
44 12
92
65
II
III
N21
N11
1.9 (6)
2.1 (5)
-Greece
-Yellow
nutsedge
37 6
38 5
IV
0 55
Genetic distance
0.060.210.360.510.66 .
Fig. 1 Cluster analysis of 12 Cyperus
rotundus and one Cyperus esculentus using
40 simple sequence repeats markers that
amplified across all accessions. I, II, III and
IV: clades separated at an arbitrary genetic
distance of 0.55. Ma.L.: percentage of
multiallelic loci calculated for each
accession. Unique alleles: alleles not
present in any other sample. Aver. (Max):
average number of alleles per locus, in
parenthesis is the maximum number of
alleles detected in the accession. Bootstrap
coefficients after 5000 bootstrap resampling
are shown at the nodes, only values
higher than 50 are represented. Continuous
lines under StvCyR_197a and StvCyR_64a
represent the group of samples for
which these microsatellite markers
had identical alleles.
Table 3 Chromosome number of 12 Cyperus rotundus and one
Cyperus esculentus accessions based on results from flow cytometry
Plant
Peak
number
Calculated
ratio
(N12-Taiwan)
Chromosome
number
N02_Mississippi_1 1 1.00 2n = 24
N37-Mississippi_2 1 1.00 2n = 24
N22-El Salvador 1 1.00 2n = 24
N26-Australia 1 1.00 2n = 24
N36-Arkansas 1 1.00 2n = 24
N41-Thailand 1 1.00 2n = 24
N12-Taiwan* 1 Standard 2n = 24
N03-California 1 1.00 2n = 24
N13-Sudan 1 1.00 2n = 24
N21-Greece 1 1.00 2n = 24
N25-Brazil 2 0.67 2n = 16
N11-Yellow Nutsedge 2 0.68 2n = 16
*Used as internal standard, 2n = 24. Chromosome number based
on somatic cells from root tips.
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almost exclusively in the accession from where they were
isolated, and the high bootstrap coefficients at the nodes
of clades I, II and III. A larger number of accessions will
need to be analysed to determine the genetic relatedness
among accessions from various geographical areas.
Among the markers that amplified all accessions
tested, and whose sequences had significant hits on
BLASTx, two markers (StvCyr_197a and StvCyR_64a)
were particularly interesting. The DNA sequence for
StvCyr_197a had homology to a PFK, and StvCyR_64a
had homology to a rice protein, a putative ATPase,
indicating both could be involved in energy metabolism.
PFK enzymes are known to be involved in anoxia
tolerance in plants (Huang et al., 2008), and recently,
ecotypes of C. rotundus have been described with
adaptation to flooding, becoming a problem in lowland
rice crops (Pen˜a-Fronteras et al., 2009). In the cluster
analysis, both markers mentioned were homogeneous
in accessions within clade I, which contained C. rotundus
accessions from USA, while being polymorphic in the
rest of the accessions. It would be interesting to test any
potential association of these two markers with flood
adaptation.
A useful method to determine the utility of individual
microsatellite markers is to calculate their UPIC score
for a given set of DNA samples. UPIC scores indicate
the number of accessions a marker can discriminate
(Arias et al., 2009). We list the 31 markers that amplified
all accessions and had UPIC scores ‡1, meaning that the
markers could discriminate at least one accession. From
this list, the minimum number of markers that discrim-
inated all 13 Cyperus accessions was a combination
of the four markers indicated in bold face in Table 2.
The use of UPIC scores allows maximising the use of
resources in future experiments, by choosing those that
detect the maximum genetic variability.
The availability of the microsatellite markers re-
ported here could benefit in the identification and
categorisation of biotypes. Any work on biological
control agents, such as the use of the phytopathogenic
fungus Puccinia canaliculata (Schw.) for the control of
C. rotundus (Okoli et al., 1997) or the search for
herbivores to control this weed, may be biotype specific.
For example, it has been observed that phytophagous
mites used for the biocontrol of Lygodium microphyllum
[(Cav.) R. Br.] were better able to feed on certain
biotypes of the host plant than on others (Goolsby et al.,
2006). Thus, if biotypes can be identified by these
molecular markers, this could facilitate a more effective
use of biocontrol agents. In addition, programmes for
the development or testing of herbicide efficacy could
use these SSR markers to identify biotypes with poten-
tially different levels of response. For example, in
Aegilops cylindrica Host (jointed goatgrass), direct
association of microsatellites and herbicide resistance
has been reported (Anderson et al., 2004). Furthermore,
microsatellites can assist in tracing the movement and
origin of invasive species (Baker et al., 2007; Okada
et al., 2007). In addition, the SSRs developed here may
also be useful as a taxonomic tool in determining the
relationship among genera of sedges.
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